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Monthly Averaged Sunspot Numbers
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The Very Latest SOHO Images







Granulazione

un Sole che bolle

SOHO (NASA/ESA)

Il Sole osservato nella riga di emissione dello Zolfo a 933 A, alla temperatura di 200000 K







6 Luglio 1996 (MDI)

Un solemoto

in rapida espansione
sulla superficie del
Sole

Le flares solari
producono

onde sismiche e
solemoti

all’interno del Sole.




La rotazione all’ interno del Sole.

Rosso-Giallo: rotazione veloce
Blu: rotazione lenta.

Le strisce in arancio corrispondono a zone che ruotano
un po piu velocemente delle loro adiacenze. Penetrano nel sole
per circa 20 000 km










Le aurore polari

\Wednesday 19 December 2012




Le aurore polari

Wednesday 19 December 2012
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Vittorio Castellani
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Il Sole a occhio nudo

E luminoso

E colorato

E sferico




.. I’ eta del Sole

La Terra puo essere
piu vecchia del Sole?




I” eta del Sole

1) Il Sole non puo essere
piu giovane della Terra:

2) L eta della Terra:

4 miliardi di anni

3) 4,5 miliardi di anni o )
4 miliardi di anni




Meccanica
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La legge di gravitazione
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Equilibrio del sole




Termodinamica




gas perfetto

equazione di stato

PV=nRT

Le particelle non si urtano fra loro

Le particelle si urtano fra loro:
interazione gravitazionale

interazione elettromagnetica




Sole: sfera di gas

gas reale

e elettroni

® ioni

e luce

equazione di stato




Il sole e in equilibrio (idro)statico

(P,A- P,A) =gp(h,- h;)A

P,-P,=gp (h,- h;)




variabile indipendente
Variabili dipendenti: P, T, p

Equilibrio idrostatico

Equazione di stato

Equazione di continuita




Il Sole come

“corpo nero’




schermo
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Sorgente
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Permette di associare
al colore una temperatura

A
e

cm
Kelvin




Il Sole emette come se fosse un corpo nero

colore > temperatura




La conservazione

dell’ energia

(verso |” evoluzione stellare)




La luminosita del Sole

La quantita di energia emessa dal Sole al
secondo e:

L

sole

~4x10° J/s=4x10"° W

Qual e la sorgente di questa energia?




Un fiammifero si consuma




Ipotesi termodinamica

| = gas in interazione gravitazionale

Energia cinetica
Energia potenziale

gravitazionale




Equilibrio

2AE. + AU =0

cin

Variazione

equilibrio AU /2 =- AE

cin

AU /2 é luce




Quando il sole si contrae sotto | "effetto della

gravita e luminoso

E questa la sorgente di luce
che cerchiamo?




Se il Sole brillasse a causa della contrazione

finirebbe la sua energia potenziale

gravitazionale in pochi anni:

[ = % ~ 30 milioni di anni




PHYSICAL REVIEW VOLUME

Letters to the Editor

UBLICATION of brief reports of important discoveries
in physics may be secured by addressing them to this
department. The closing date for this department is five weeks
prior lo the date of issue. No proof will be sent to the authors.

1948

73, NUMBER APRIL 1, 1948

We may remark at first that the building-up process was
ly leted when the ature of the neutron

gas was still rather high, since otherwise the observed
abundances would have been strongly affected by the
resonances in the region of the slow neutrons. According to
Hughes,? the neutron capture cross sections of various
elements (for neutron energies of about 1 Mev) increase
ially with atomic number halfway up the periodic

The Board of Editors does not hold itself ible for the
opinions expressed by the correspondents. Communications
should not exceed 600 words in length.

The Origin of Chemical Elements
R. A. ALPHER*
Applied Physics L;bmahzry. The Johns Hopkins University,

ilver Spring, Maryland
AND
H. BETHE
Cornell University, Ithaca, New York
AND

G. Gamow
The George Washington University, Washington, D. C.
February 18, 1948

S pointed out by one of us,! various nuclear species
must have originated not as the result of an equilib-
rium corresponding to a certain temperature and density,
but rather as a consequence of a continuous building-up
process arrested by a rapid expansion and cooling of the
primordial matter. According to this picture, we must
imagine the early stage of matter as a highly compressed
neutron gas (overheated neutral nuclear fluid) which
started decaying into protons and electrons when the gas
pressure fell down as the result of universal expansion. The
radiative capture of the still remaining neutrons by the
newly formed protons must have led first to the formation
of deuterium nuclei, and the subsequent neutron captures
resulted in the building up of heavier and heavier nuclei. It
must be remembered that, due to the comparatively short
time allowed for this process,! the building up of heavier
nuclei must have proceeded just above the upper fringe of
the stable elements (short-lived Fermi elements), and the
present frequency distribution of various atomic species
was attained only somewhat later as the result of adjust-
ment of their electric charges by g-decay.

Thus the observed slope of the abundance curve must
not be related to the temperature of the original neutron
gas, but rather to the time period permitted by the expan-
sion process. Also, the individual abundances of various
nuclear species must depend not so much on their intrinsic
stabilities (mass defects) as on the values of their neutron
capture cross sections. The equations governing such a
building-up process apparently can be written in the form:

e mamom) i=12,-288, (1)

where 7; and o are the relative numbers and capture cross
sections for the nuclei of atomic weight 7, and where f(¢) isa
factor characterizing the decrease of the density with time.

system, ining approximately cons for heavier
elements.

Using these cross sections, one finds by integrating
Eqgs. (1) as shown in Fig. 1 that the relative abundances of
various nuclear species decrease rapidly for the lighter
1 and remain approxi ly constant for the ele-
ments heavier than silver. In order to fit the calculated
curve with the observed abundances? it is necessary to
assume the integral of p.dt during the building-up period is
equal to 5X10* g sec./cm®.

On the other hand, according to the relativistic theory of
the expanding universe! the density dependence on time is
given by p=2108/£%. Since the integral of this expression
divergesat t=0, it is necessary to assume that the building-
up process began at a certain time fo, satisfying the
relation:

S aoymnzsxio, @)

which gives us #2220 sec. and po:=2.5X 10° g sec./cm3. T

result may have two meanings: (a) for the higher densities
existing prior to that time the temperature of the neutron
gas was so high that no aggregation was taking place, (b)
the density of the universe never exceeded the value
2.5 X108 g sec./cm? which can possibly be understood if we

700
FiG. 1.
Log of relative abundance

Atomic weight

803

1957

REVIEWS OF
MODERN PHYSICS

Vouusa 29, Nusesen 4 Qcromar,

1957

Synthesis of the Elements in Stars®
E. Mazcaxer Bunmivcr, G. R. Burmnce, Wittiaw A. Fowrxr, axp F. Hovix

deratory, Califormia Imstitwie of Technology, and
w ond P w Obrervatories, Carnegie Imatitution of Warkinglow,
Califermic I'mstitwie of Tecknology, Paradens, Califermio

It is the stars, The stars above us, govern our conditions™
(King Leer, Act IV, Scene 3)

but perhaps

“The {ault, dear ¥ s not in our stars, But in ourselves,"”

(Jwlins Caesar, Act 1, Scene 2
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Hydrogen Buming, Helium Buming, the « Process, and Neutroa Production

A. Cross-Section Factor and Reaction Rates

B. Pure Hydrogen Bursir

C. Pure Helium Buming

D. a Process

E. Swuccession of Nuclear Fuels in an Evolving Star

F. Buming of Hydrogen and Helium with Mixtures of Other Elements; Stellar Neutron Sources
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Le reazioni nucleari

PARTICELLE

COMPOSTE = aomo

PARTICELLE
FONDAMENTALI
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La catena protone protone

Copyright @ 1997 Contem porary Physics Education Project.
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Repulsione elettrostatica

Interazione
nucleare

Repulsione elettrostatica




La catena protone protone

. 0%

P D v e:;mfgﬁ:i

Copyright @ 1 997 Contemporary Physics Education Project.




Y Gamma Ray

V  Neutrino

() Positron




Massa di 1 protone
=1,673 x 10’ Kg

Massa di 1 neutrone
=1,675x 10?7 Kg

Massa di 2 protoni + 2 neutroni
= 6,695 x 10?7 Kg

Massa di 1 nucleo di Elio (He)
= 6,646 x 10?7 Kg

Perché questa differenza? Energia di legame



Nella catena p-p,
4H->1He

Massa di 4 atomi di idrogeno (4H)
= 6,690 x 10?7 Kg

Massa di 1 atomo di Elio (He)
= 6,646 x 10?7 Kg

Differenza di Massa

= (massa 4 atomi di H) - (massa 1 atomo di He)

= 0.044 x 10?77 Kg



E = MASSA x c¢?

Quindi: ENERGIA LIBERATA nella FUSIONE

= (Differenza di Massa) x c?

=4.22 x 1012 Joule

energia liberata per un grammo di materia
= 6.30 x 101! Joule
Es. 1: calcolare I equivalente in barattoli di nutella

Es. 2: Calcolare la durata del Sole nell’ ipotesi di consumo
completo



£ =¢(p, T)

L

— 2 . .
a1l =410 re () p; g conservazione energia

K; = K; (0, T))




Trasporto di energia

equazione del trasporto




Trasporto energia 1: la conduzione

temperatura
<

energia di vibrazione




Trasporto energia 2: |’ irraggiamento

superficie di 1 m2/




Trasporto energia 2: |’ irraggiamento

racazong riflessa radianone che

potenza solare ;;ff:g‘w arriva al SUolo

170 x 10¢ Mwatt

40 ! 45 |
assorbita v
e riflessa <
: ragiazone
dalle nubi assortita callana

assorbita

' radiazione ch
dall'atmosfera azione che

arriva al suolo







Trasporto energia 3: la convezione




Trasporto energia: sintesi

Conduzione solo nei solidi
Irraggiamento meccanismo principale

Convezione meccanismo di «troppo pieno»

equazione del trasporto




Stelle di carta

i=0N

G m; . .
2 7 Py (F34a713) Equilibrio idrostatico
j

w1 -M=4n rZ (- 1) p; Equazione di continuita
Liys-L;=4n r? (r,-r;) p; €&  Conservazione energia

J

Tivs T = ... Equazione del trasporto

Sj = Ej (,Dj, TJ) Kj = Kj (pjl TJ) 'Dj = Pj ('DJ" 7-J)







